Abstract. This paper describes the methodology used for the construction of a traffic model in Badajoz (Spain) starting with the allocation of the origin-destination travel matrix derived from surveys and traffic counts conducted in the southern and eastern accesses of Badajoz. The traffic model describes the mobility in potentially-captable future southern traffic relationships and allows the calculation of savings in travelled distance and travel times on the current situation. The traffic model allows to know different behaviours of the possible alternatives in the construction of a new high-capacity road. The model is able to select the one which captures more traffic and produces a bigger saving in travel time, meaning, the one which produces a better socioeconomic improvement. The research concludes in favour of the nearest corridor to the city centre, being this one the more crowded and the one that produces greater time savings. It is also the corridor that allows giving the Southern Bypass a dual purpose of collectingdistributing in the city of Badajoz.
Introduction and objectives
The city of Badajoz currently has a population of approximately 150,000 inhabitants. It is the main inhabited centre in Extremadura and it has the characteristics of any European average city. Moreover, its geographical location makes it even more privileged for being a border city and the barycentre of three huge European cities such as Lisbon, Madrid and Seville.
The road network of Badajoz has a radial infrastructure composed by the ensemble of roads which leave the city and whose axes serve as a support of its own growth. The journey of the main road (BA-20) on its way through Badajoz registers about 132,000 trips daily. Here arises the need of building a new southern bypass which allows cars coming from other towns to be linked with the Madrid-Badajoz highway and the rest of the communication roads without entering the city center of Badajoz. The so called Southern Bypass (Ronda Sur) will become an authentic variant of roads which will receive the status of fast track and, together with the highway of Extremadura, will surround the whole city center of Badajoz.
Between 2010-2014, an informative study about Southern Bypass in Badajoz was written where its possible corridors and planning alternatives of the future variant were studied (Figure 1 ). On October 6th 2014, the Government of Extremadura approved the informative study [1] selecting the first alternative, which was already contemplated in the Badajoz urban planning and which also was the nearest to the city. The aim of this research was to create a traffic model for the city of Badajoz which allows knowing different alternatives behavior in the construction of a new high-capacity road. The model is able to select the one which captures more traffic and produces a bigger saving in travel time, meaning, the one which produces a better socioeconomic improvement.
Methodology followed for the preparation of the traffic model
The traffic study for the planning of new urban roads is a specially significant chapter, not only because of the necessity of knowing what vehicles are going to circulate on each of these planned alternatives, but also as indispensable data to estimate its social and economic behaviour [2] . It is very important to have the simulation model and allocation from the very beginning of the planning to have knowledge of the traffic that each one of the corridors will capture, creating an extremely valuable auxiliary element for the selection process.
The construction of a traffic model in Badajoz will be done by assigning the origin-destination travel matrix derived from surveys and counts done in the southern and eastern accesses of Badajoz [3] . The traffic model describes the mobility in potentially-capable relationships for a future southern bypass and allows the calculation of savings in travelled distance and travel times in relation to the current situation 
1)
Traffic characterization of the Southern Bypass of Badajoz starting from data from the traffic maps of the Ministry of Development [5] and Government of Extremadura [6] . This section is included in appendix A of this paper.
2) A collection and analysis of the information on mobility and traffic in the accesses to Badajoz from the south and east, through surveys and counts. Appendix B includes the selection of locations of surveys and counts and results of surveys and counts made.
3) Estimation of the average daily traffic (ADT) in the specific places of the counts. Appendix C includes average daily traffic (ADT) in the counting locations in 2014.
4) Exploitation of the surveys done and the collection of the results.
5)
Process of estimation of the origin-destination matrix in the studied area from the surveys done.
6) Creation of the traffic model of Badajoz and its road's network.
7)
Estimation of the traffic captured by each alternative selected for the Southern Bypass of Badajoz. This estimation derives from the assigning of the traveling matrix to each network including the alternative which is the object of the evaluation. 8) Estimation of the traffic collected (vehicles-km) and savings in the travel times (vehicles-hour) in each selected alternative.
Collecting of information about mobility and traffic
The collecting of information about the demand of transportation has an objective to determine how people move inside the study area, in order to be able to estimate the mobility. The basic data collected for each travel will be in this case the mean of transportation, the origin and destination of the trip.
Willumsen [7] recommends that the generation of the traffic model comes from surveys and counts in situ because they are not highly expensive and constitute the most truthful starting point there can be. Therefore, the basic form of collecting the data has been through origin-destination surveys done in the city center of Badajoz. As a complement, information about the use of networks was collected, through counts with the aim of knowing how supply works, and give information for the exploitation of the surveys.
A total of 3,759 origin-destination surveys took place in the southern accesses of Badajoz which currently channel the potentially-capable traffic for the future Southern Bypass.
Exploitation of the surveys
The basic aim of the surveys is to obtain the expressive mobility matrix of the transport demand between each pair of zones considered in the division into different areas, which demands its exploitation in a previous step. In the exploitation of the surveys, three basic activities can be pointed out:  Coding of surveys. It consists on translating numeric data and collected information in the survey, being the origin-destination coding of particularly interest because it is the support of the division in zones of the studied area and the defined area codes [8] .  Calculation of the expansion coefficients. It is about establishing the necessary conversion coefficient to extrapolate the results of the surveys to a part of the vehicles and users (sample) to the total of vehicles and users (universe).

Collecting of the origin-destination matrix. After coding the surveys, the result is the origindestination travel matrix which expresses the mobility flow of vehicles classified by type of vehicle and it refers to the universe of vehicles passing through the positions of the survey.
Calculation of the expansion coefficient.
The expansion coefficient represents the converting coefficient of the surveyed users (sample) to the total of users (universe) [9] . This expansion coefficient has been calculated for each position of the survey and hour period through the following equation 
Construction of the origin-destination travel matrix in the study area for 2014.
The origindestination travel matrix was obtained through the following process:
1) The expansion of the travel matrix per position of the survey to the estimated ADT in each position of the survey for the year 2014, starting from the expansion coefficients described previously.
2)
Correction and rezoning of the matrices per position of the survey, examining each origindestination relationship and the position of the origin and destination of the trip, adapting the origin and/or destination zones to the survey positions.
3)
Obtaining the travel matrix in the study area captured in a single direction in the positions of the survey.
4)
Duplication of the connecting trips in the west area of study captured in a single direction in the survey positions.
5)
Rezoning of the travel matrix making it a simplified zoning of 78 areas. The selected zones for this simplification have been: The network assigning models simulate the behaviour of a transportation network through the collecting of the traffic loads derived from the travel matrix. This matrix represents the mobility in the study area for a determined year. The traffic which Southern Bypass will capture is obtained from the assigning of the 2014 travel matrix to the defined road network, including in the future situation of the 3 bypass alternatives.
To be able to make a model of the network, a drawing which guaranteed all the possible coherent itineraries between each pair of centroids (representation of the origin and destination network of a journey) was made [10] . The road network of the study area for 2014 was modelled defining the following parameters for each turn in the routes drawing: Cascetta and Ruso [11] express the necessity of adjusting the network (calibration) by checking that the itineraries which allow establishing the modelled network has correspondence with the reality. This calibration is made calculating the minimum-cost paths (time and distance) from a group of selected centroids and checking them with the real ones used by the users in 2014. Van-Vliet [12] does a good collection and discussion about the most important algorithms used for the construction of minimum journeys trees.
Once it was modelled for the year 2014, the future model was made with the commissioning of the Southen Bypass. It was necessary to include the new arcs which describe each of its 3 alternatives. In Figure 2 there is a representation of the road network in 2014 and in Figure 3 there is a representation of the future network with the commissioning of the Southern Bypass. 
Traffic captured by Southern Bypass alternatives.
The estimation of traffic captured by each of the Southern Bypass alternatives has been established by the origin-destination travel matrix assignment to the future route network which includes each of the 3 Southern Bypass alternatives. To be able to assign this, there are several methods such as the "all or nothing" or the stochastic method. The stochastic methods of traffic assignment reveal the variability of the users and their perception of the costs and the way of minimizing at the same time the distance and the travel time, therefore, the general costs. These methods could be based in a simulation as in Burrell [13] or they could be proportional. The proportional methods are based on a network load algorithm and distribute the trips which arrive to the node among all the other possible exit knots, contrary to the assigning method "all or nothing" that assigns all trips to an individual exit node.
In this research, the traffic assigning was made using a stochastic proportional method of assigning alternative routes: the Dial method [14] . In this method two or more alternative routes are assigned between each pair of zones, dividing the existing flow between those itineraries, considering the generalized minimum cost (distance + time) and the generalized cost for each of the itineraries. According to the Dial method, the trips in each origin-destination relationship are divided among the different itineraries through a logit type division model. In the equation 2 the simplest case of a logit model is represented, which is the one that only considers two different options to choose from, considering for each trip the characteristics of the generalized cost. In this case, a similar one to the Ortuzar model is used [15] with the same primary and secondary modal split dispersion parameters (ʎ 1 = ʎ 2 ), which makes it a simple multinomial logit model (MNL) [16] .
where: p(1) is the probability of the traveler using itinerary number 1. C1 is the generalized cost of itinerary number 1. C2 is the generalized cost of itinerary number 2. ʎ is the dispersion parameter. Measuring the model from the known values through the surveys and counts, the value of ʎ=0.10 has been adjusted.
When C 1 -C 2 = 0 it indicates that the utility of both options is the same and the election probability of option 1 is 0.5, which corresponds to the situation of indifference against option 2. When the difference C 1 -C 2 acquires increasing positive values, the utility of option 1 increases compared to option 2, and the probability of choosing option 1 tends to unity. When the difference C 1 -C 2 acquires negative values indicating the option 2 has better utility than number 1, the probability of choosing option 1 decreases getting close to zero.
In Table 1 the results of this estimations are represented for each of the Badajoz Southern Bypass alternatives. 
Traffic collected and travel time save.
As complementary information during the process of assigning, it`s been obtained the number of vehicles per kilometre (traffic) and vehicles per hour (travel time) used for the movements through the 3 Southern Bypass alternatives included in the travel matrix. The difference in the traffic captured and the time save is obtained when comparing the parameters of each alternative with those from the network in 2014.
It is important to highlight that the highest socioeconomic profitability alternative will be the one which obtains the highest number of vehicles-km and the least vehicles-hour, for the main reason that this is the one which captures the most traffic and the one producing a bigger time save. The results are represented in Table 2 . 
Discussion
When evaluating the goodness of the method chosen, it is necessary to comment that the "all or nothing" assigning methods and the stochastic methods don't take into account the capacity of the roads, assigning higher amounts of traffic in specific stretches which might not have that required capacity. The assigning method per stretches with capacity restriction does take this matter into account [17] . Although, due to the fact that Badajoz is not a city with severe traffic jam problems, the use of models which contemplate the restriction of capacity is not necessary and the use of more simple methods which don't take this into account seems more adequate, such as the Dial method used in this research.
The chosen method ought to be used in medium-sized cities only without traffic jam problems, because in cities with traffic jam problems, the application of the expansion coefficient constant for the obtaining of the O/D matrix would produce a lot of mistakes [18] . Moreover, as it has been shown previously, mistakes in the traffic assignment considering the lack of capacity in the roads could be made.
It is also necessary to highlight that there are authors who root for zoning-distributing models of the gravitational supply, which are more economical because they don't require surveys and have demonstrated to be sufficiently precise [19] , [20] , [21] and [22] .
All these conditions make each assigning method have a specific field of application in relation to the characteristics of the assigned network and the problem to analyse and evaluate. In interurban networks, the "all or nothing" and stochastic methods are usually used (Dial method). In urban networks, the capacity restricting methods per stretch are used and, to a lesser extent, the Burrel method. In interurban corridors, with alternative itineraries (toll highway or important variants), the delivery curves are used [23] . This method consists on supposing that between each pair of zones there are at least two alternative ways with their own characteristics of time, distance and level of service. The journeys by the first or the second itinerary are distributed taking into account the already-established delivery curves, which define the percentage by either itinerary according to time saved, distance saved, the travel time ratio, travelled distance ratio, etc. Due to the nature of the variant of Badajoz Southern Bypass, it could be interesting as a future research detour to analyse an alternative model of assignment using this method and compare it to the obtained results in this research. The planning of new roads of high capacity in cities, may they be collective-distributor routes or single variants of the population, requires the generation of an effective traffic model which is able to know the mobility of the current city and simulate the future behaviour with the commissioning of the new route. The design of an adequate traffic model allows to know the behaviour of the different alternatives which are considered possible in the construction of a new high-capacity route, and, in this way, select the one which captures more traffic and produces a bigger saving in the travel times, meaning, the highest socioeconomic profitability.
Conclusions
In this research, it is been described the methodology followed for the construction of a traffic model in Badajoz starting from the assigning of the origin-destination travel matrix derived from surveys and counts. The traffic model describes the mobility in potentially-capable relationships for the future southern variant and allows the calculation of savings in travelled distance and travel times in relation to the situation in 2014.
Analysing the results in Table 4 , one might conclude that from the point of view of the traffic, the alternative 1, which is the nearest to the city centre, is preferred to alternatives 2 and 3 since it is the alternative with the highest number of vehicles-km (traffic) and the one with the lowest number of vehicles-hour (less travel time).
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To characterize the seasonality of the traffic in the state network, part of the data of the permanent station E-222 is the most reliable. The summary of this station is as follows: 
The maximum average traffic in the working day is in November, 6.4% higher than the average traffic on a working day.

The minimum average traffic in the working day is in January, 8.0% lower than the average traffic on a working day.  Traffic on the H100 (traffic matched or exceeded 100 hours per year) is 691 vehicles / hour, equivalent to 8.4% of ADT with 3.17% heavy, which means 44.9% of the percentage of heavy annual average (7.06%).  Weekend traffic is less than weekday traffic, 78.7% of traffic on a business day. For the autonomic network, the seasonality of the traffic is made from the semi-permanent station BA-0170, whose data are summarized below:  The maximum average traffic in the working day is in September, 6.9% higher than the average traffic on a working day.
The minimum average traffic in the working day is in January, 14.0% lower than the average traffic in the working day  Weekend traffic is lower than traffic on a weekday, 73.4% of traffic on weekdays.  The points of traffic appear from 8 to 9 am (7.35% of ADT), from 14 to 15 (7.46% of ADT) and from 18 to 19 (6.69% of ADT). 
B2. Origin-destination surveys.
The origin-destination surveys were taken on Wednesday, October 5th, 2011, from 8 a.m. until 8 p.m., using the questionnaire in Figure B2 [B1]. 
